Abstract Chronic pancreatitis (CP) is a continuing or relapsing inflammatory disease of the pancreas. Several studies have demonstrated that mutations in the cationic trypsinogen (PRSS1) gene and the cystic fibrosis transmembrane conductance regulator (CFTR) gene are causative of the pathogenesis in a subset of hereditary and/or idiopathic CP cases. Recently, the N34S alteration of the pancreatic secretory trypsin inhibitor (PSTI) gene has been suggested to be closely associated with the pathogenesis of hereditary and/or idiopathic CP. Herein we analyzed genetic alterations of the PSTI gene in 32 unrelated Japanese CP patients who developed juvenile-onset CP or had a family history of CP; 5 patients were found to harbor alterations in this gene. In 3 of these 5 patients, heterozygous N34S alterations were found; this frequency is significantly lower than that in Caucasian patients reported previously. Moreover, a novel homozygous G-to-A transition in the promoter region of PSTI at 215 bp upstream from the translation initiation site (Ϫ215GϾA) was observed in 2 patients. We further surveyed the Ϫ215GϾA alteration in 117 normal individuals; none of these individuals harbored this alteration. Our results suggested that the Ϫ215GϾA alteration, as well as the N34S alteration, is a predisposing factor for CP.
Introduction
It is generally believed that the aberrant intraductal activation of zymogens by trypsin leads to the autodigestion of the pancreas that causes pancreatitis, and that two different major protective mechanisms prevent inappropriate activation of the pancreatic digestive enzyme cascade. One mechanism is the pancreatic secretory trypsin inhibitor (PSTI), which inhibits up to 20% of potential trypsin activity (Laskowski and Kato 1980) , and the other is the degradation and inactivation, by themselves, of active trypsin and other trypsin-like enzymes, such as mesotrypsin and enzyme Y (Rinderknecht 1986) .
Chronic pancreatitis (CP) is a disease that probably arises from a multiple pathogenesis, which can include alcohol abuse, hyperlipidemia, hypercalcemia, cholecystolithiasis, genetic abnormality, and idiopathic. Previous reports indicated an association between hereditary/ idiopathic CP and mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) gene (Cohn et al. 1998; Sharer et al. 1998) , the cationic trypsinogen (PRSS1) gene (Whitcomb et al. 1996; Gorry et al. 1997; Ferec et al. 1999; Witt et al. 1999) , and the PSTI gene (Pfutzer et al. 2000; Witt et al. 2000) . The human PSTI gene on chromosome 5 is approximately 7.5 kb long and consists of four exons (Horii et al. 1987) . This gene encodes a protein of 79 amino acid residues, including a signal peptide consisting of 23 amino acids (Yamamoto et al. 1985 ). An association between sporadic pancreatitis and PSTI alterations was tentatively excluded by Chen et al. (2000) in a study of French hereditary and sporadic CP patients. However, Witt et al. (2000) reported a strong correlation between PSTI alterations and CP; 22 (23%) of 96 unrelated German children and adolescents with CP were found to have genetic alterations in exons and introns of PSTI, the majority being N34S and P55S. Based on these observations, Witt et al. concluded that these were, presumably, causative mutations of idiopathic CP. Recently, Pfutzer et al. (2000) analyzed American and European patients and confirmed the positive association between hereditary/ idiopathic pancreatitis and the PSTI alterations; either N34S or P55S alterations were observed in 29 (26%) of 112 patients. As the PSTI alterations were found to be relatively rare in the general population (only 5 (3%) of 190 individuals; three N34S and two P55S), the significantly high frequency in the idiopathic CP patients (P Ͻ 0.001) supported the possibility of a pathogenic role. The age of onset and severity were basically the same, irrespective of homozygosity or heterozygosity. Based on the information above, we started a genomic analysis of PSTI in Japanese CP patients.
Subjects and methods

Patients and control individuals
A total of 32 (15 males and 17 females) unrelated CP patients with family histories of CP or with juvenile-onset disease who bore no mutations in PRSS1, were enrolled in this study. Eleven patients (34%) had a family history of CP, 24 (75%) had juvenile-onset CP, and 23 (72%) had idiopathic CP. The mean age of onset was 27 years (range, 5 to 63 years). Diagnosis of CP was made according to the diagnostic criteria for CP (Homma 1998) , consisting of imaging tests, such as abdominal ultrasonography, computed tomography (CT) scan; and endoscopic retrograde cholangiopancreatography (ERCP); an exocrine test, such as the secretin test; and histologic examination. DNAs from peripheral blood cells of 117 healthy volunteers served as controls for the genetic analysis of PSTI. The patients and control subjects enrolled in this study were all Japanese and all had given informed consent. This study was approved by the Ethical Committee of Tohoku University School of Medicine.
Nucleotide sequencing analysis
Genomic DNA was extracted from peripheral blood leukocytes according to the standard protocol (Sambrook et al. 1989 ). We performed the first polymerase chain reaction (PCR) amplification for the promoter and each exonic region, as well as the flanking exon/intron boundary, by employing the primers designed according to a previous study (Witt et al. 2000) . Subsequently, we performed the second PCR amplification, using 1 : 400 dilutions of the respective first PCR products and the internal primers described below. Nucleotide sequences of the primers and conditions for the PCR amplifications are summarized in Table 1 . PCR was carried out as described previously (Mori et al. 1997 ) in a total volume of 25 µl. The cycle conditions were as follows: initial denaturation for 2 min at 95°C; followed by either 30 cycles (for first PCR amplification) or 20 cycles (for second PCR amplification) of the following regimen: 30 s of denaturation at 95°C, 30 s of annealing at 60°C, and 30 s of extension at 72°C. A final extension for 5 min at 72°C was also added. Nucleotide sequences of the second PCR products were analyzed by the methods described previously (Sakurada et al. 1997) , using a BigDye terminator cycle sequence ready kit (Applied Biosystems; Foster City, CA, USA) and an ABI 310 Genetic Analyzer (Applied Biosystems).
PCR restriction fragment length polymorphism (RFLP) analysis
To confirm the genetic alterations in the promoter region (Ϫ253TϾC and Ϫ215GϾA) and exon 4 (272CϾT), second PCR products were digested by appropriate restriction enzymes as recommended by the manufacturers; Ϫ253TϾC, by BglI; Ϫ215GϾA, by BglI; and 272CϾT, by BstU1. The digested fragments were then electrophoresed on a 5% acrylamide gel.
Statistical analysis
Statistical analysis was carried out with Fisher's probability test as appropriate. 
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Results and discussion
We investigated the whole exonic region, along with the flanking intronic sequences (about up to 10 bp from the exon/intron junction), as well as the promoter region of the PSTI gene, by direct DNA sequencing in 32 Japanese CP patients, and detected four different types of alterations. Examples of the nucleotide sequencing analyses are shown in Fig. 1 . A heterozygous A-to-G transition in the second nucleotide of codon 34 in exon 3, the 11th amino acid in the mature peptide, was observed in case 62 (see Fig. 1A ). This alteration (from AAT to AGT) would cause an amino acid change from Asn to Ser (N34S). This type of alteration was found in two other unrelated CP patients (cases 51 and 54). Besides the N34S alteration, a homozygous G-to-A transition in the promoter region of the PSTI gene at 215 bp upstream from the translation initiation site (hereinafter, Ϫ215GϾA) was observed in two patients (cases 35 and 60).
Results of the nucleotide sequencing analysis in case 60 are shown in Fig. 1B . These results, along with patients' clinical information, are summarized in Table 2 . We further examined the DNA samples from healthy volunteers by direct sequencing (32 samples for N34S) and by PCR RFLP analysis (117 samples for Ϫ215GϾA), but neither N34S nor Ϫ215GϾA was found. We observed no other disease-associated alterations in PSTI in the patients examined. Reported single-nucleotide polymorphisms (SNPs), a heterozygous alteration of Ϫ253TϾC (a T-to-C transition at 253bp upstream from the translation initiation site), and a heterozygous alteration of 272CϾT (a C-to-T transition at the 272nd base from the translation initiation site that is in the 3Ј untranslated region), were detected in 6 and 5, respectively, of the 32 patients. The Ϫ253TϾC and 272CϾT polymorphisms were detected in 10 and 4, respectively, of 32 control individuals. Two of these alterations, Ϫ215GϾA and 272CϾT, were confirmed by PCR-RFLP (data not shown).
The Ϫ215GϾA alteration found in our study has never been reported previously. Probably, this mutation is rare in Caucasians. This alteration was not found in any of the 117 healthy volunteers; the frequency of this alteration in our CP patients was significantly higher than that in normal individuals (P ϭ 0.045). However, we cannot totally rule out the possibility of a rare polymorphism. On the other hand, no heterozygotes for this alteration were found in either our 32 CP patients or the 117 healthy volunteers; only 2 CP patients were homozygous for the Ϫ215GϾA alteration. This suggests that there may have been a sampling bias when the case population was selected. However, another explanation is also possible; individuals homozygous for the Ϫ215GϾA alteration are much more likely to have CP than the heterozygous individuals and those without the alteration. Witt et al. (2000) and Pfutzer et al. (2000) have reported a CP-associated alteration of N34S in PSTI in Caucasian patients. In the present study, we found the N34S alteration in this gene in three Japanese CP patients. From our survey of the literature, we believe this is the first report of the N34S alteration in Mongolians; the N34S alteration seems to be one of the predisposing factors for CP, irrespective of race. Witt et al. (2000) analyzed 96 unrelated children and Heterozygosity of A/G at the second nucleotide of codon 34 was found, which would cause an amino acid alteration from Asn to Ser (N34S). This genetic alteration was also observed in two other affected patients (cases 51 and 54), but not in any of the 32 normal individuals. P and N denote the nucleotide sequences of the patient (case 62) and a normal individual, respectively. B Nucleotide sequences in the promoter region of PSTI in case 60, a patient with idiopathic CP. A homozygous A residue instead of G at nucleotide 215 upstream from the translation initiation site (Ϫ215GϾA) was shown in another affected patient (case 35), but not in any of the 32 normal individuals. P and N denote nucleotide sequences of the patient (case 60) and a normal individual, respectively. Arrows in A and B indicate altered nucleotides adolescents with CP; 28 patients (29%) had a family history, and 68 patients (71%) had idiopathic CP. Pfutzer et al. (2000) analyzed 120 patients, 59 (49%) with familial, and 61 (51%) with idiopathic pancreatitis. In the present study, we analyzed 32 unrelated CP patients; 11 patients (34%) had at least one CP patient in the family, 24 patients (75%) had juvenile-onset CP, and 23 patients (72%) had idiopathic CP. Although there are some differences among the patients analyzed in these three studies, it is still valuable to compare the frequencies of N34S alterations in the three studies statistically. The ratios of N34S alterations in the sample populations reported in these studies were 19% (18/96), by Witt et al. (2000) ; and 25% (28/112), by Pfutzer et al. (2000) ; but we found a ratio of only 9% (3/32) in our CP patients. These results are summarized in Table 3 . The frequency in the present study is significantly lower than that reported by Pfutzer et al. (P ϭ 0.043) , and a similar tendency was found, although the difference was not significant, between our frequency and that reported by Witt et al. (2000) .
An X-ray crystallography-based model revealed that the 34th amino acid residue was located close to the reactive Lys-Ile site (41st and 42nd residues) of PSTI; accordingly, the mutation may lead to decreased inhibitory activity. Pfutzer et al. (2000) proposed that the PSTI alterations were disease-modifying, rather than disease-causing, possibly by lowering the threshold for pancreatitis. Therefore, the Ϫ215GϾA alteration may also lower the threshold for the development of pancreatitis, perhaps by reducing the transcriptional efficiency of PSTI. The promoter region of the PSTI gene does not contain the consensus sequence that is indispensable for the pancreas-specific expression of various genes, such as mouse α-amylase 2, elastase 2, trypsin, rat elastase I, and chymotrypsin B (Walker et al. 1983; Ornitz et al. 1985a; 1985b; Boulet et al. 1986 ), but it does have two unique positive elements for pancreas-specific expression (Yasuda et al. 1998) , which exist between 116 bp and 161 bp upstream, and between 74 bp and 103 bp upstream from the translation initiation site. The Ϫ215GϾA alteration discovered in this study is not located within these elements. However, there is the possibility that one base substitution, the Ϫ215GϾA, is located in an unknown cis-acting element and affects the efficiency of transcriptional activity of the PSTI gene, as was reported for the tumor necrosis factor-α (TNF-α) gene within the binding site for monocytic and hepatic nuclear factors (Skoog et al. 1999) .
Case 35, who harbored the Ϫ215GϾA alteration, is a late-onset male patient with a family history of CP (brother). This patient had consumed a considerable amount of alcohol, 130 g every day for 26 years until the onset of disease; the relevance of alcohol in the pathogenesis was presumed. Because the exact cause(s) of alcoholassociated pancreatitis, one of the major types of CP, is still unclear, it is worth determining whether or not these alterations of the PSTI gene exist in patients with alcoholicassociated pancreatitis, to shed light on the hypothesis that the PSTI alteration is disease-modifying, rather than disease-causing. Further investigation is required to clarify whether or not the Ϫ215GϾA alteration has any influence on the expression of PSTI that may play a role in the pathogenesis of CP. The ratios and frequencies reported by various groups are shown as per patient and per allele CP, Chronic pancreatitis
